Aim: Previous studies have shown contradictory outcomes in ST-segment elevation myocardial infarction (STEMI) patients who underwent primary percutaneous coronary intervention (pPCI) during off-hours versus regular 'office' hours. We aimed to evaluate the relationship between pPCI timing (off-hours versus regular hours) and mortality in patients with STEMI undergoing pPCI. Methods: The study population comprised 4352 consecutive STEMI patients treated with pPCI in a high-volume centre with a 24/7 programme during 2000-2009. Descriptive statistics and multivariable survival analyses were applied to evaluate the relationship between treatment during off-hours (Monday-Friday, 6.00 pm-8.00 am and weekends) versus regular hours and the incidence of all-cause mortality at 30-day and 4-year follow-up. Results: A total of 2760 patients (63.4%) were treated during off-hours and 1592 patients (36.6%) during regular hours. With the exception of smoking, diabetes mellitus, use of glycoprotein IIb/IIIa antagonists and calcium antagonists, no major differences in baseline characteristics were observed between the groups. Mortality at 30-day follow-up was similar in patients treated during off-hours and those treated during regular hours (7.7% vs 7.7%; hazard ratio adjusted for potential confounders 1.03; 95% CI 0.82-1.28). Four-year mortality was similar (17.3% vs 17.3%; adjusted hazard ratio 0.95; 95% CI 0.81-1.11). Conclusion: In STEMI patients who present during off-hours in a high-volume centre with 24/7 service, pPCI provides similar survival as patients who were treated during regular hours.
Introduction
Randomised clinical trials have convincingly demonstrated that patients with ST-segment elevation myocardial infarction (STEMI) who undergo primary percutaneous coronary intervention (pPCI) have better event-free survival and clinical outcomes than those treated with fibrinolysis. 1 In order to fully benefit from the instantaneous and long-term effects of pPCI, patients need to be treated as soon as possible after symptom onset. Guidelines recommend that pPCI be performed within 90 minutes of the first medical contact. [2] [3] This recommendation is supported by several studies that reported a direct relation between (increased) time delay to pPCI and (worse) clinical outcome. [4] [5] [6] Short onset-to-treatment times are best guaranteed in hospitals with an established interventional cardiology programme that offers full service 24 hours per day, 7 days per week (24/7 programme). [2] [3] Since the occurrence of STEMIs are more or less randomly distributed over time, in a 24/7 programme, most patients will be treated during 'off-hours' -evening and night shifts and weekends. Previous studies have shown contradictory outcomes in STEMI patients who underwent pPCI during off-hours versus regular 'office' hours. However, most of these studies were conducted in centres using both fibrinolysis and pPCI for treatment of patients with STEMI, and did not evaluate long-term outcomes. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] In the year 2000, pPCI became the standard treatment for STEMI in our institution and a 24/7 programme was established. Baseline, procedural and follow-up data of all patients undergoing PCI in our institution were systematically collected. Consequently, we were able to evaluate the relationship between pPCI timing (off-hours versus regular hours) and short-and long-term outcome in STEMI patients.
Methods

Patient population
The Erasmus MC is a tertiary referral and teaching hospital in the broader region of Rotterdam (approximately 1.9 million inhabitants), located on the North bank of the Maas River. Between January 2000 and June 2004, the Erasmus MC was the only hospital in the region with pPCI facilities. From July 2004 onwards, the Maasstad hospital (also located in Rotterdam, on the south bank of the Maas River) started a 24/7 programme locally and provided regional pPCI service on Mondays and Thursdays and the first weekend of every month to improve service. The Erasmus MC provided pPCI service on the remaining days.
All consecutive patients 18 years or older who presented within 12 hours of symptom onset with ST-segment elevation myocardial infarction (STEMI) and who subsequently underwent pPCI in our institution between January 2000 and December 2009 were included in the analysis. STEMI is defined as patients presenting with ischaemic symptoms and persistent (>20 min) ST-segment elevation in at least two contiguous precordial leads or at least two adjacent limb leads by ECG. 3 In total, 4541 pPCIs in 4352 patients were performed. In patients who were admitted more than once for pPCI (n =189), only the initial procedure was used for this analysis.
Patient management
Patient management was in accordance with the applicable guidelines of the European Society of Cardiology (ESC). Patients received an aspirin and a loading dose of clopidogrel (300-600 mg) before pPCI and preferably in the ambulance. Clopidogrel (75 mg/day) was given for at least one month in patients treated with bare metal stents (BMS), at least 3 months for patients treated with sirolimus-eluting stents (SES) and at least 6 months in patients treated with paclitaxel-eluting stents (PES) or everolimus-eluting stents (EES). After the procedure, all patients were advised to remain on aspirin (>80 mg/day) indefinitely. Periprocedural glycoprotein IIb/IIIa antagonists were left to the discretion of the treating interventional cardiologist.
Since 2000, the interventional cardiology department has the policy of using one particular stent as default in a given time interval. 
Data collection
According to the approved standard data-management procedures in our department, data are collected on demographics, cardiovascular history, clinical risk factors and treatment characteristics for all patients undergoing PCI and are stored in an electronic database. Data elements are filled out immediately after the completion of the PCI by the interventional cardiologist and the technician who assisted during the procedure. The database, which is maintained by a dedicated IT officer, is mainly designed for administrative purposes. A systematic evaluation of data completion and data integrity is implemented for data that are used for research purposes.
Data management and follow-up
Mortality data related to the entire cohort was obtained from interrogation of municipal civil registries between April and September 2011. A health questionnaire was subsequently sent to all living patients with specific inquiries on rehospitalisation and major adverse cardiovascular events (MACE). For patients who had adverse events at other centres, medical records or discharge summaries from the other institutions were systematically reviewed. General practitioners, referring cardiologists and patients were contacted in case further information was required.
Endpoint definitions
The primary endpoints were early mortality, which was defined as all-cause mortality within 30 days of the index event, and late mortality, which includes all-cause mortality at 1-year and 4-year follow-up. The secondary endpoints included repeat PCI (rePCI), coronary artery bypass grafting (CABG) or recurrent MI (reMI) and the composite endpoint of reMI, revascularisation (rePCI or CABG) and all-cause mortality at 30-day, 1-year and 4-year follow-up. ReMI at follow-up was diagnosed by recurrent typical clinical symptoms, the development of ST-segment elevation or left bundle branch block on electrocardiography with a CK-MB rise of three times the upper limit of normal and/or positive troponin levels in laboratory values. rePCI was defined as a repeat percutaneous intervention of any lesion located in the epicardial vessels. CABG was defined as a surgical intervention of any lesion located in the epicardial vessels.
Statistical methods
Off-hours were defined as weeknights (Monday to Friday from 6.00 pm to 8.00 am) and weekends (from Friday 6.00 pm to Monday 8.00 am).
Continuous variables are presented as mean ± standard deviation and categorical variables are expressed as numbers and percentages. Student's t-tests, Chi-square tests and Fisher's exact tests were applied to evaluate differences in baseline variables between patients treated during off-hours and regular hours, as appropriate.
We intended to obtain complete information in all patients, but failed to do so for the medication at discharge.
Using missing value analysis (MVA) we evaluated the extent of missing data and searched for patterns of missing data. MVA showed that there were 6.2% missing values on average for medication at discharge. For the patients with at least one of the variables of interest missing, we decided to impute the missing values by multiple imputation. 19 The incidence of events over time was studied with the use of the Kaplan-Meier method, whereas log-rank tests were applied to evaluate differences between the treatment groups (treatment during off-hours versus regular hours). Patients lost to follow-up were considered at risk until the date of last contact at which point they were censored.
Cox proportional hazard (PH) regression models were applied to evaluate the relationship between treatment during off-hours versus regular hours and the incidence of all-cause death at 30 days, 1 year and 4 years. The baseline clinical and procedural characteristics that are listed in Table 1 were considered as potential confounders for the 1-year and 4-year mortality analysis. As the number of events was limited at 30 days, we were only able to adjust for the following clinically relevant factors: age, sex, multi-vessel disease, shock, previous MI, renal impairment and diabetes mellitus.
Final results are presented as adjusted hazard ratios (aHR) with 95% confidence interval (CI). All statistical tests were two-tailed and a p-value <0.05 was considered significant. Statistical analyses were performed with SPSS for Windows version 17.0 (SPSS Inc, Chicago, Illinois, USA).
Results
Key characteristics
Between 1January 2000 and 31 December 2009, a total of 4352 consecutive patients presenting with STEMI underwent pPCI in our institution. A total of 2760 patients (63.4%) were treated during off-hours and 1592 patients (36.6%) during regular hours. Key characteristics of the two cohorts are presented in Table 1 . With the exception of diabetes mellitus (13.0% vs 10.4%, p = 0.011), current smoking (41.8% vs 36.0%, p < 0.001) and use of glycoprotein IIb/IIIa antagonists (16.5% vs 21.4%, p < 0.001), no statistically significant differences in baseline and procedural characteristics were observed between the groups. It is noteworthythat the percentage of patients presenting with cardiogenic shock was similar in both groups (4.9% and 4.8%, respectively, p = 0.86). There were also no statistically significant differences in discharge medication, except for the use of calcium antagonists (14.5% vs 19.8%, p < 0.001).
Mortality
Information on survival status at 1-year follow-up was complete for 96.5% of patients. The median follow-up period was 1246 days (IQR 651-2228 days).
The cumulative incidence of all-cause mortality at 30-day follow-up was similar in the patients treated during off-hours and those treated during regular hours 7.7% vs 7.7% respectively (Kaplan Meier estimates). Similarly, no statistically significant differences were observed in allcause mortality at 1-year (10.9% vs 12.5%) and 4-year follow-up (17.3% vs 17.3%). In fact, the cumulative incidence curves were superimposed throughout the entire 4-year follow-up period ( Figure 1A ). Multivariable adjustment for potential confounders of the relation between treatment timing and the incidence of all-cause mortality did not change this finding (aHR at 4 years 0.96 and 95% CI 0.81-1.12).
Non-fatal and composite endpoints
We did not find any clinically relevant difference in the incidence of non-fatal endpoints between patients treated during off-hours vs regular hours. Results were similar at short-term and long-term follow-up (Table 2, Figure 1B -D). At 4-year follow-up, the crude cumulative incidences of reMI were 5.5% and 4.6%, the incidences of CABG were 1.6% and 3.0%, and the incidences of rePCI were 12.9% and 13.4%, respectively. Again, cumulative incidence curves were superimposed for all these endpoints. Treatment timing had no contribution in multivariable Cox PH models that related patient characteristics with nonfatal clinical outcomes. Adjusted HRs of treatment timing were not significant and close to 1 for all endpoints at all three follow-up times that we studied.
The cumulative incidence of the composite endpoint of all-cause death, reMI, PCI or CABG at 4-year follow-up was 29.5% in patients treated during off-hours and 29.5% in those treated during regular hours (Table 2, Figure 1E ). The aHR was 1.05 and the 95% CI ranged from 0.93 to 1.18, indicating that there was no association between treatment timing and the incidence of this composite endpoint. Figure 2 shows the relationship between treatment timing and 30-day all-cause mortality in a number of clinically relevant subgroups. All in all, in the subgroups that we considered, we found no major deviations from the overall result. Except in the category relating to the history of MI, 95% confidence intervals of treatment effect were largely overlapping, and none of the formal heterogeneity tests was statistically significant.
Findings in subgroups
Discussion
In this long-term follow-up study of STEMI patients who were treated during 2000-2009 in a high-volume centre with 24/7 service, clinical outcomes were similar in patients undergoing pPCI during off-hours and during regular hours. This similarity in outcome was already observed at 30 days and was maintained until 4 years after the initial procedure. Consistent results were seen in clinically relevant subgroups, including the elderly and patients with multi-vessel disease. The quality of care delivered to STEMI patients may differ during day and night because of variations in door-toballoon time, performance of physicians, catheterisation laboratory and coronary care staff. Compared to regular office hours, hospital staffing is generally reduced during nights and on weekends compared with weekdays. The short-term outcome (after adjustment for any differences in case mix) may be regarded as a proxy measure of the quality of care during the procedure, whereas the long-term outcome to a greater extent depends on the development of the disease, the use of long-term medication and (probably) the use of coronary revascularisations. Interestingly, we found few differences in baseline characteristics between patients treated during off-hours and regular hours. Also medical treatment at discharge was similar. Apparently, in the region of Rotterdam, STEMI patients constitute a homogeneous population, regardless of the timing of presentation. Consequently, the point estimates of the effect of treatment timing did not change after adjustment for patient characteristics. The estimates of the effect for all the endpoints indicated that treatment during off-hours is as safe and effective as treatment during regular hours.
Previous studies have shown contradictory results in outcome in STEMI patients who underwent pPCI during offhours versus regular hours. Whereas some studies showed that presentation and treatment during off-hours only had limited impact on in-hospital mortality, 7, 9, 12, 13, 15, 16, 18 other studies revealed higher in-hospital mortality in pPCI patients during off-hours than regular hours. 8, 10, 11, 14 A straightforward comparison of these clinical studies is complicated by differences in patient characteristics and (medical) co-treatment, as well as by the applied definitions. For example, Henriques et al, who reported higher mortality after off-hour treatment, focused on the circadian patterns of symptom onset, including routine duty hours (0800-1800) versus off-hours irrespective of day of the week. 8 In the study by Kostis et al, 10 the significant difference in 30-day mortality for patients treated during off-hours disappeared after adjustment for the use of invasive cardiac procedures, which appeared less often in patients admitted at weekends. Furthermore, in some of the previous studies, patients were not only treated with pPCI, but also with fibrinolysis, which may have led to different results. [9] [10] [11] 15, 18 Since 2000 in our centre, pPCI is the default strategy for all STEMI patients on a 24/7 basis, precluding potential bias due to fibrinolysis. On the other hand, most patients treated in our centre are referred for pPCI by hospitals in the larger region of Rotterdam that do not provide a 24/7 pPCI service. Although, apparently, the referral pattern is not dependent on the day of the week and the time of the day (as we found no differences in patient characteristics in relation to treatment timing), the patient selection by referral hospitals might partly explain the consistent outcomes.
Study limitations
Other reported predictors of outcome after pPCI include time delay from symptom onset to the first balloon inflation [4] [5] [6] and physician volume. 20, 21 Since the database that we used for our study was not specifically designed to address these issues, several relevant quality parameters have not been recorded prospectively. Still, we retrospectively recorded the time between hospital admission and the start of the pPCI procedure (data were available for 70% of patients), and we found no differences between patients treated during off-hours versus those treated during regular hours (data not shown). The presented results are based on a single-centre experience, which limits the external validity. Nevertheless, the Thoraxcenter Rotterdam can be considered representative for larger tertiary referring and teaching (academic) hospitals in Western populations.
For the follow-up on non-fatal endpoints we were dependent on the responses of patients on health questionnaires that were systematically sent to all living patients, with specific inquiries on rehospitalisation and MACE. Thus, we might have missed some non-fatal endpoints, particularly those that did not result in hospital admissions. We have no indication that under-reporting (if any) was related to the timing of the initial treatment. This phenomenon might have resulted in effect estimates that are biased towards the null. Still, we are confident that similar effects were seen for all ('hard' and 'softer') endpoints.
Conclusion
STEMI patients who were treated in a high-volume centre with a 24/7 programme have similar short-and long-term outcomes whether they are treated during off-hours or regular hours. Our findings, which are based on systematic monitoring of treatment outcome results, do not necessitate us changing our practice. Instead, these results may encourage other centres to expand their service.
